Studies on the mechanism of the adenosylcobalamin-dependent diol dehydrase reaction by the use of analogs of the coenzyme.
A series of 16 analogs of 5'-deoxy-5'-adenosylcobalamin (adenosylcobalamin) were examined for their effects on the diol dehydrase system of Klebsiella pneumoniae (Aerobacter Aerogenes). Four analogs, ara-adenosyl-, aristeromycyl-, 3-isoadenosyl-, and nebularylcobalamin, were able to function as coenzymes in the diol dehydrase reaction, coenzyme activity decreasing in that order. Like the native holoenzyme, complexes of the enzyme with these four analogs show a cob(II)alamin-like absorption peak or shoulder in the presence of 1,2-propanediol. Analogs containing hypoxanthine, cytosine, or benzimidazole do not function as coenzymes, but are weak competitive inhibitors in the presence of adenosylcobalamin. Analogs in which the D-ribosyl moiety is replaced by L-ribose or by an alkyl chain of 2 to 6 carbons are inactive as coenzymes, but act as competitive inhibitors with extremely high affinity for the apoenzyme. Complexes with the inactive analogs showed visible spectra similar to those of the corresponding free cobalamins. Upon anaerobic photolysis and subsequent aeration, complexes with the first group of inactive analogs produced unusually stabilized cob(II)alamin, while complexes with the second group of inactive analogs were readily photolyzed to a hydroxocobalamin-enzyme complex. Complexes with adeninylpentyl- and L-adenosylcobalamin were stable to light under the same conditions. These findings suggest that both the ribose and the adenine moiety of the nucleoside participate in enzyme-coenzyme interaction, involving not only the binding to the apoenzyme but also the activation of the carbon-cobalt bond.